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METHOD AND DEVICE FOR machine origin, and counts a pulse train of the aforesaid 

SYNCHRONIZATION CONTROL incremental encoder Psl of the slave section. 

The counted value of the cumulative counter Csl is stored 

BACKGROUND OF THE INVENTION in a z correlation distance memory area Zsl with the aid of 

1 Field of the Invention 5 a swilcn RYsl, actuated when the detector Ksl of the slave 

The present invention relates to a device and a method for d f« « te ' he machine origin More specifically, the 

controlling synchronization where machine shafts are stored value ,n the Z correlation distance memory part Zsl 

■ • ii j • a ' i i „ . . . . 1IM , mdicates a Z correlation distance A8 obtained by measuring 

electncaJly-dnven and u, phased >9>>*my» ' p'ural mec hanical origins of the master 

mutually accurate, electric mtfon Such »V * ]0 P pulses of. he aforesaid Psl 

found in conveyor systems, processing systems for resins r 

and metals, and rotary presses. of the slave secuon. 

2. Background of the Invention Whe » the orig.ns are matched two e ecmc motors are 

6 , . . ... ~ ...... i, actuated and run at a low rotational frequency with a 

When synchronization control is effected by electrically rolalional frequen cy instruction of the aforesaid centralized 
keeping mutual phases of plural electnc motors (or mechani- l5 et , mroller c ,„ , he slave sec ,j on> lhe z omMon distance 
cal shafts driven by those electnc motors) unchanged, it is AQ b ^ Qu( from , he 2 wmhiion z*l in the operation at 
necessary to first match the "origins (or starting points or ^ , QW rola , iona , frcquency , and AO/AT is calculated in 
reference points) of those electnc motors or mechan.cal ofder , o a£ ,. t ^ Un)C AT and a ^^o,, valuc of tbe 
shafts, and then effect synchronization control. A8/AT is subtracted from the rotational frequency instruc- 
tor matching origins, a conventional method uses an 20 t i on by the aforesaid rotational frequency detector Ssl of the 
origin detector provided on each electric motor or each s | ave section n, e correction is executed for the time AT 
rotating machine shaft to detect a machine origin. The V vith the switch RYs2 

electric motor is then interrupted, and the origins of all other ^ molofs m ma(cbed in origins , hcreof by 

electnc motors are then detected. When detection of all adjusli the rotationa i freque ncy of the slave section as 

origins for all motors is complete, synchronous operation is 25 described abov6( and Me cha „g C d over to synchronization 

begun. In this way, a tune of 30 to 50 seconds is required cou(ro] an(J , hen accelerated int0 ordinary rotational fre . 

untd the matching has been completed. This lengtheus quencv operation 

waiting time, causing poor working efficiency. ^ ^ ^ ^ ^ 

To solve such a difficulty a recently proposed method difficul(ies that even wheQ the origin matching is effected 

matches the ongins of plural electric motors in an improved 30 ^ me e|eclfic mok)re> tne z correlation dis . 

manner, i.e., the matching of origins is achieved wrthout ^ AQ fa detec(e(J aUowing ^ dectric motors of the 

once interrupting the electric motors during low rotational mastef amj sbve t0 rotate by onc rcvolution or more , so that 

frequency operation. much (ime is fequired for the detection, and it takes 20 to 40 

FIG. 6 illustrates a prior art example in which matching scconds uut ii the origiu matching is completed, 

of origins is effected during low rotational frequency opera- ■ ¥unh ^ fa ordef {Q rfetect ^ % correlalion distance Ae U 

Uon of electric motors. In FIG. 6 two electric motors are , $ ^ ^ rotational frequeil cy of the master and 

exemplarily used in the matching of origins ot plural electnc ^ motORj are stabilized ^ lhey ^ opera(ed at 

motors for brevity of the description. |he samc f0talional fjequency to the utmost, so that the 

In FIG. 6, Mm, Msl arc electric motors m a master section 0figin matcnijJg must be done at a low rotational frequency, 

and a slave section, Pm, Psl are incremental encoders each which causcs a complicated adjustment, 

coupled with the machine shafts driven by the electric Furthermore, when there are electric motors under opera- 

motors, and Rm, Rsl are the rotating machine shafts driven ^ and cJfiC|ric motofs undcf interruption and thc dcctric 

by the electric motors. Machine origins Gm, Gsl are mQtors undef int tion are startcd for synchronization 

mounted on the machine shafte Rm, Rsl, which ongins are ^ ^ raolore ^ A {n ion must be 

detected by detectors Km Ksl. The aforementioned master • cd once at a |qw rolational frequcncy for the origin 

and slave electnc motors Mm, Msl are driven respectively n ; atchi and hence an oper ation procedure is complicated 

by drivers Dm, Dsl and controllers Am, Asl. an(J ffiuch ^ fe fequired 

The aforesaid controller Am drives the electric motor Mm 
through the driver Dm following a rotational frequency SUMMARY OF THE INVENTION 
instruction provided from a concentrated controller C by u ^ an ob j cct of t | ie p rese nt invention to provide a 
obtaining a rotational frequency signal through a rotational synchronization control device and a synchronization con- 
frequency detector Fm from a continuous pulse signal lml metbod m wb i cb j t ^ capable of achieving origin 
outputted by the aforementioned incremental encoder Pm, matching in a short time continuously in operation of the 
and feeding the rotational frequency signal back. 5 _ c ] cctric motors without once interrupting the electric motors 

In the following discussion, the arrangement of the afore- whether they are operated at low rotational frequency or 

mentioned controller Asl of the slave section in FIG. 6 will normal rotational frequency and is capable of shifting the 

be described. operation to ordinary synchronization operation, and in 

In the controller Asl a rotational frequency instruction is which it is capable of, even when synchronization opera- 
detected by the rotational frequency detector Ssl from thc 6 o lions for electric motors are performed in ordinary operation 
pulse signal obtained from the aforementioned incremental and for stopped electric motors, starting the stopped electric 
encoder Pm of the master section. Further, a feedback motors to achieve origin matching in the operation of the 
rotational frequency of the slave section is detected from the electric motors to continuously shift the operation to ordi- 
incremental encoder Psl and the rotational frequency detec- nary synchronization operation without bringing thc electric 
tor Fsl of the slave section. 05 motors in operation into a low rotational frequency. 

Herein, a cumulative counter Csl is cleared when the According to the present invention, for synchronization 

aforesaid detector Km of the master section detects thc control of machine shafts driven by electric motors, one 
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electric motor is disposed in a master section and the other 
one or plural electric motors is or are disposed in a slave 
section. A rotary encoder composed of an absolute encoder 
or an incremental encoder with a Z phase pulse is provided 
on the electric motors of the master section and the slave 5 
section or 00 machine shafts driven by the electric motors to 
output a signal in response to rotation of the electric motor 
or the machine shaft. For the aforesaid rotary encoder there 
may be employed one attached to each electric motor (rotary 
encoder mounted on the electric motor for detecting rotation }Q 
of the electric motor), and the rotary encoder may be 
coupled with a machine shaft connected with a rotary shaft 
of each electric motor or coupled with a machine shaft 
connect through a gear and the like. 

The electric motor of the master section is driven by 
ordinary rotational frequency control. A controller of the 
electric motor of the slave section detects at all times both 
a rotational frequency and a rotation phase of the aforesaid 
electric motor or the machine shaft based upon a signal from 
the rotary encoder of the master section, and delects at all ^ 
times both a rotational frequency and a rotation phase of the 
electric motor of the slave or the machine shaft driven by the 
electric motor based upon a signal from the rotary encoder 
of the slave section. 

The controller of the electric motor of the slave section 25 
calculates at all times a synchronization phase deviation 
from the rotation phase of the master and it of the slave both 
detected at all times as described above. 

In the synchronization control device constructed as 
described above, when plural electric motors arc all operated ^ 
from a stopped state, they are increased in their rotational 
frequency first from a low rotational frequency to a prede- 
termined rotational frequency irrespective of an ordinary 
rotational frequency. The electric motor of the master sec- 
tion is increased in its rotational frequency with ordinary 35 
rotational frequency control, and the electric motor of the 
slave section or the machine shaft driven by die electric 
motor is increased in its rotational frequency taking a signal 
detected from the rotary encoder of the master section as a 
rotational frequency instruction. 40 

After the electric motor of each slave section is in 
acceleration or reaches a predetermined rotational 
frequency, the synchronization phase deviation of the master 
and the slave calculated at all times is added to the rotational 
frequency instruction as a correction value. Each slave 45 
section rapidly completes the origin matching as described 
above. 

Each slave section adds at all times the synchronization 
phase deviation of the master and slave sections to the 
rotational frequency instruction as a correction value even 50 
after the origin matching is completed, and clearly continues 
the synchronization control with the same action as the 
origin matching even under ordinary operation on and after 
the operation. 

Although in the above description the electric motor is 55 
provided on the master section, and a rotational frequency 
signal and a phase signal are outputted from the rotary 
encoder attached to the electric motor provided on the 
master section or coupled with the machine shaft driven by 
the electric motor, a rotational frequency signal and a phase 60 
signal corresponding to the signal outputted from the afore- 
said rotary encoder are electronically generated without 
provision of the electric motor on the master section and are 
outputted from the master section, and the rotation phase of 
the electric motor of the slave section or of the machine shaft 65 
driven by the electric motor may be controlled on the basis 
of the rotational frequency signal and the phase signal. 
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In the present invention, as described above, the synchro- 
nization phase deviation of the master and the slave is 
detected at all times, which deviation is in turn employed as 
a correction signal to rapidly complete the origin matching 
and eliminate the need of a changeover of the control upon 
the origin matching and in transfer to ordinary synchroni- 
zation control and hence bring very high practicability. 

According to the present invention, when plural electric 
motors are operated from an all -stopped state, the origin 
matching is clearly ensured even in acceleration without 
wailing arrival to a predetermined rotational frequency. 

Further, according to the present invention, in plural 
electric motors in operation at an ordinary rotational fre- 
quency and the electric motors of the slave section out of 
operation, in order that the origin matching of the stopped 
electric motors is effected to add those electric motors to the 
synchronization control, the stopped electric motors of the 
slave section arc started, and the rotational frequency of the 
master section detected from the rotary encoder of the 
master section is increased as the rotational frequency 
instruction. The slave section, after reaching a predeter- 
mined rotational frequency, adds the synchronization phase 
deviation of the slave and the master to the rotational 
frequency instruction as a correction. The slave section 
rapidly completes the original point matching and shifts the 
operation to the synchronization control. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of 
the present invention will become more apparent from the 
following description when taken in conjunction with the 
accompanying drawings in which preferred embodiments of 
the present invention are shown by way of illustrative 
example. 

FIG. 1 is a view illustrating a preferred embodiment of 
matching an origin according to the present invention; 

FIG. 2(a) and FIG. 2(b) are a view illustrating detection 
of phase deviation among plural electric motors; 

FIG. 3 is a view illustrating operation when plural stopped 
electric motors are started, and origin matching is effected 
after completion of acceleration according to the present 
invention; 

FIG. 4 is a view illustrating the operation when plural 
stopped electric motors are started, and the origin matching 
is effected in acceleration according to the present invention; 

FIG. 5 is a view illustrating the operation when plural 
stopped electric motors are started, and the origin matching 
is e fleeted for other electric motors in operation according to 
the present invention; and 

FIG. 6 is a view illustrating a prior art example wherein 
origin matching is effected for synchronization control. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

In the following, preferred embodiments will be described 
in detail with reference to the accompanying drawings. FIG. 
1 illustrates a preferred embodiment of the present invention 
where plural electric motors are matched in origins thereof, 
FIGS. 2, 3, 4, and 5 are views each illustrating operation of 
a preferred embodiment illustrated in FIG. 1. 

FIG. .1 exemplarily illustrates synchronization control of 
a master section and two slave sections in order to simply 
describe plural electric motors according to the present 
invention, in which the same symbols shall be applied to 
portions overlapping on portions in FIG. 6 illustrating a prior 
art example. 
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la FIG. 1, Mm is an electric motor of the master section, As illustrated in the same figure, the master phase counter 

Msl, Ms2 are electric motors of the slave section, Cral is cleared with the Z phase pulse Zp of the incremental 

respectively, and Pm, Psl, Ps2 are incremental encoders encoder Pm of the master section, and counts the pulse series 

coupled with the aforesaid electric motors. For the rotary R p i n response to the rotation of the incremental encoder 

encoders coupled with the electric motors of the master 5 p m> As clarified from this, the master phase counter Cml 

section and the slave section 1, 2, there is available an detects the rotation phase of the electric motor of the master 

absolute encoder or an incremental encoder with a Z phase section. 

pulse. In the embodiment in FIG. 1, there is illustrated an ... . , , , ^ * . t i -.u .t_ 

example where there are used incremental encoders with a n lf™**> slave phase counter Csl is cleared with the 

Z phase pulse Pm, Psl, Ps2, in which controllers Am, Asl tft Z P hase P ul f Z P of ^ incremental encoder Psl of the slave 

of the electric motors receive a Z phase pulse Zp once for 10 «**»«", and counts the pulse senes Rp in response to the 

one revolution of the electric motor and a pulse series Up in rotation from the incremental encoder Psl to hereby detect 

response to the rotation of the electric motor from the the rotating phase of the electric motor of the slave section, 

incremental encoders Pm, Psl, Ps2. Outputs of the master phase counter Cml and slave phase 

Although in the present embodiment, there is described counter Csl are inputted into the phase deviation calculator 

the case where the rotary encoder is additionally provided on 15 Hsl, and the phase deviation calculator Hsl calculates a 

the electric motor, a rotary encoder may be coupled with a phase deviation Hs in accordance with the following for- 

raachine shaft connected with the electric motor through a m ula: 
gear and the like. 

The controller Am of the master section obtains a rota- m*xxCovf+Cm-Cs (i) 

tional frequency signal from a continuous pulse series Rp 20 

outputted from the incremental encoder Pm with a rotational in the formula (1), Nmax is a pulse number for one 

frequency detector Fm, and feeds back the rotational fre- revolution of the incremental encoders with a Z phase 

quency signal to control the operation such that the rota- ^ j> s i y aQC ( Covf is a counted value of overflow 

tional frequency of the aforesaid electric motor Mm is pulses of the master phase counter Cml and the stave 

coincident with a rotational frequency instruction provided 25 phase C0UlUer ^ whicn va)uc js added one hy onc 

from the concentrated controller C. . . „ every time the master phase counter Cml overflows 

The aforesaid controller Asl of the slave sections 1, 2 and ^ sublr actcd one by onc every time the slave phase 

detects a rotational frequency instruction from the pulse Csl ovcrflows . Cm and Cs arc count values of 

signal obtained from die incremental encoder Pm with the ^ faase coumcr Cml flnd me shve Qase 

aid of the rotational frequency detector Ssl, and further 30 counte Csl 

detects a feedback rotational frequency of the slave section rt . . w KM , . , 

from the incremental encoders Psl, Ps2 of the slave section ° uce the e ' eclnc ors r Mm, Msl of the master and stave 

with the aid of the rotational frequency detector Fsl and secUons m l . he aforesaid phase counters Cml and 

controls die operation such that the rotational frequency of Csl are "Pirated as illustrated m FIG. 2. 

the electric motor Msl is coincident with that of the electric „ Firet > al the wstattt of lbe operation "ongmal matching 

motor Mm. input*' at time point A in FIG. 2 the aforesaid counted value 

The master phase counter Cml of the controller Asl of the Covf » cleared. At the time point, Covf«0, and the phase 

slave sections 1, 2 counts the pulse series Rp from the deviation Hs is calculated from the following formula: 
incremental encoder Pm of the master section and is cleared 
with the Z phase pulse Zp, whereby the rotation phase of the 
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electric motor Mm of the master section is detected at all ^ al a ^ B lhe ma$ler phase counter Cml 

timcs * ovcrflows, so that Cof=l is attained, and hence the phase 

Simultaneously, the slave phase counter Csl counts the dcv j alion Hs at the point B is calculated from the following 

pulse series Rp of the incremental encoder Psl of the slave formula: 

section and is cleared with the Z phase pulse Zp, whereby 45 

the rotation phases of the electric motors Msl, Ms2 of the h*iN maxxi +Cm-Cs (3) 
slave section are detected at all times. 

Counted values of the phase counters Cml and Csl are Then, since at a point C the slave phase counter Csl is 

inputted into the phase deviation calculator Hsl in which the overflowed, Covf-0 holds, and the phase deviation Hs at the 

phase deviation Ab calculated. The phase deviation is 50 P° in < C is obtained with the following formula: 

held in the phase deviation calculator Hsl at all times, and maxxO+Cm c.s (4) 

when the contact PYsl is closed as in the case where origins f s " ^ rrwx * + m ~ 5 * ' 

are matched or synchronization is controlled, a rotational Matching of the slave section with the master section in their 

frequency instruction detected by the rotational frequency original points is realized by calculating the phase deviation 

detector Ssl is corrected with an output of the phase 55 ^ an d subtracting tlie phase deviatiou Hs from a rotational 

deviation calculator Hsl. frequency instruction outputted by the rotational frequency 

Further, an offset signal outputted from an offset signal detector Ssl as described above, and hence the original point 

generator Osl is added to the output of the phase deviation matching at a point D illustrated in FIG. 3 is completed, 

calculator Hsl, whereby predetermined offset is provided FIG. 3 is a view illustrating the operation of the origin 

between rotation phases of the electric motor Mm of the & matching where plural electric motors start their operations 

master section and them of the electric motor Msl of the f rom a u interrupted state. Once the operation is started, the 

slave section. electric motors of the master section and the electric motors 

FIG. 2 is a view further illustrating the operations of the of the slave section are accelerated up to arbitrary rotational 

master phase counter Cml and the slave phase counter Csl. frequency with an ordinary rotational frequency instruction. 

FIG. 2(a) illustrates operation of the master phase counter 05 When the contact RYsl is closed at the point A where the 

Cml, and FIG. 2(b) illustrates operation of the slave phase rotational frequency is kept unchanged, the rotational fre- 

counter Csl. quency instruction detected by the rotational frequency 



